I. Introduction
With rapid population aging, there is growing concern about its impact on health care expenditure in the People's Republic of China (Peng 2011; Chen, Eggleston, and Li 2011) . Since people tend to use more health care as they age, many people are concerned that an aging population will accelerate growth in health care spending. The share of the population age 65 and over is a common indicator used to measure population aging. Data from the Chinese national census show that the share of this age group was 5. 9% in 1990 and 7% in 2000, increasing to 8.4% in 2010. According to projections of the United Nations (medium variant), the population age 65 and over will be around 230 million, or about 16.2% of the total. 1 In order to have a correct judgment of the growth in aggregate health spending during population aging, we need to understand how age influences the demand for health care. Constructing life-cycle profiles of health expenditure is a primary step towards this goal.
There are only a few studies in the literature analyzing life-cycle health expenditure in the PRC. It is reported that per capita health spending for people age 65 and over was 2.56 times the amount for that under age 65 in 2002 (Li and Chen 2006) . For public health care spending per capita, Shen and Lee (2014) using micro data find that the age profile has a J-shape curve in both urban and rural areas. The peak value occurs at around age 80.
Most studies on the United States (US) and other Organisation for Economic Co-operation and Development (OECD) countries conclude that population aging has not been a significant driver of health spending in contrast to growing demand for health care and rising costs due to technology progress in the health care sector, which have had a more significant influence (Newhouse 1992 , Getzen 1992 , Gerdtham and Jönsson 2000 , Baltagi and Moscone 2010 . Another line of studies states that health expenditures are mainly driven by time to death, not only age per se (Zweifel, Felder, and Meiers 1999; Seshamani and Gray 2004) .
The findings in developed countries may not directly apply to the PRC. First of all, health expenditure in the PRC lags far behind OECD countries and many countries with comparable gross domestic product (GDP) per capita, though it has been increasing for decades. One of the important reasons for low health spending in the PRC is the lack of rural health care consumption. For example, per capita health expenditure of rural residents was only one-third of that of urban residents in 2012. Rural-urban integration during urbanization increases the demand for health care generally, but expenditures by elderly people may increase more than other groups. Whether population aging accompanied by urbanization leads to larger age effects in the PRC than in OECD countries is an unanswered question.
Another remarkable fact is that the Chinese economy and health care system have gone through fundamental reforms in the past years. The reforms have exerted various influences on people born in different times, with diverse life experiences due to "the timing of lives." For example, compared with people of the same age 20 years ago, individuals nowadays have greater access to health care and enjoy more advanced technologies in health care. Furthermore, since the elderly have the highest demand for health care, improving accessibility favors them the most. Hence, the age-expenditure profile today may be steeper than it was before. Testing whether age effects vary across periods in the PRC is a way to illustrate the so-called cohort effect.
We use data from eight waves of the China and Health Nutrition Survey (CHNS) during . The data include information on the health care of individuals of all age ranges across different periods. Employing a two-part model, we find that health care expenditure of rural residents is lower than that of urban residents in all age groups. We also find the age-expenditure profile to be much steeper in urban areas than in rural areas. However, there is no evidence that the health status of the rural elderly is significantly better than that of the urban elderly. The findings imply that health spending of the rural elderly may increase more during the process of rural-urban integration compared with the urban elderly. We also find a significant difference in age-expenditure profiles across time in both urban and rural areas.
Based on the above estimation, we estimate the contribution of population aging to growth of aggregate health spending and show that the growth rate accounted for by population aging during the urbanization period between 1990 and 2010 is about 2.8%. This accounts for about a fifth of total real annual growth.
In the future, population aging and urbanization will likely continue to drive health expenditure. It is worth noting, however, that the growth of health spending has different meanings in the PRC than in OECD countries. While developed nations struggle with rising health spending, increased expenditure in the PRC during urbanization is encouraging to a large extent, as more people receive much-needed health care.
II. Literature Review
Our paper is related to empirical studies on the life cycle aspect of demand for health care. On average, health care spending is higher for older people than for younger people. Studies on OECD countries show that per capita health spending for people age 65 and over was 2.7 to 4.8 times the amount of those under age 65 in the mid-1990s (Anderson and Hussey 2000) . In developing countries, the ratio was 2.9 in Sri Lanka during the same period (Reinharde 2003) and 2.56 in the PRC in 2002 (Li and Chen 2006) . More detailed information on the PRC is presented by Meng and Yeo (2006) using household survey data from the China Household Income Project in 2002. They show that, in urban areas of the PRC, an individual in her 60s spends 50% to 100% more on health care than a 40-year old, while an individual in her 80s spends 100% to 170% more than a 40-year old. Shen and Lee (2014) use China Family Panel Studies data to show that per capita public health care spending is high in infancy, decreases for the teenage years, then increases again at middle age. The peak of public health spending occurs at around age 80.
However, several studies find that in rural areas of the PRC, age-expenditure profiles are different from normal patterns, as the elderly spend less on health care. According to a survey done in the 1990s covering 8,414 individuals and 1,428 households in 8 provinces, the 2-week hospitalizing probability and expenditure of people age 65 and over are lower than those of middle-age people (Gao and Yao 2006) . A more recent survey comprising 50,357 observations in 4 counties in Hubei and Sichuan provinces finds that self-reported morbidity of the elderly is 30 points higher than for the non-elderly, while inpatient admission is 5 points lower. In addition, per capita inpatient and outpatient spending for the elderly are lower than for the non-elderly, by CNY775 and CNY328, respectively (Yan and Chen 2010) .
While per capita spending for health care is consistently higher for older people in most countries, a set of studies indicate that population aging is a relatively minor factor in the growth of national spending for health care. Other factors, including rising per capita income, the availability of new health care products and services, health insurance coverage, and characteristics of the health care system play much bigger roles (Newhouse 1992 , Gerdtham and Jönsson 2000 , White 2007 , Baltagi and Moscone 2010 . Population changes occur gradually, while health care spending has grown rapidly.
2 Newhouse (1992) argues that population aging can only explain 2% of the growth of national spending during in the US. During 1970 During -2002 , real growth of per capita health spending averaged 4.3% per year in the US and 3.8% in a subset of OECD countries. Population aging accounts for 0.3 percentage points of growth in health spending in the US and 0.5 percentage points in OECD countries, about a tenth of total annual growth (White 2007) . Cross-country analyses find that age structure (e.g., proportion of the population age 75 and older, and proportion of the population under 4 years old) has no significant effect on national health spending (Gerdtham and Jönsson 2000) . Baltagi and Moscone (2010) use a panel of 20 OECD countries over the period to show that average annual growth rate of health spending is 11.5%, but do not find aging to be the most important contributing factor.
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There is also evidence that health expenditure for the elderly may be increasing at a different rate than that for the non-elderly. The ratio of per capita spending of the elderly to the non-elderly in the US was 3.0 in 1987, climbing to 3.9 in the mid-1990s (Anderson and Hussey 2000) . Cutler and Meara (1997) find that during 1953-1987, annual growth of per capita spending on the elderly was about 8%, significantly higher than the estimated 4.7% annual growth for those age 1 to 64 years, but the trend reversed after 1996. Other researchers have shown that elderly spending rose at about the same rate as non-elderly spending on health care in the 1960s to the 1990s (Boccuti and Moon 2003) . The annual growth rate of per capita spending for the elderly was lower than other age groups in the more recent period in the US, partly because of the reform in Medicare, which aimed to control the growth of spending for the elderly (Meara, White, and Cutler 2004) . In the PRC, public health insurance has been proven to be a valid policy to increase the demand for health care of the elderly. Liu, Cai, and Li (2011) find that health insurance coverage significantly increases the utilization of health care of the elderly in both rural and urban areas.
III. The Health Care System in the People's Republic of China
Health care spending as a share of GDP has been increasing in the PRC, from 4% in 1990 to 5.36% in 2012. Three parties are involved in the determination of health care spending in the country. They are government, the social insurance programs, and the individual. The spending driven by each party has been increasing over time but at different speeds. As a result, the structure of the three parties has changed over time (Figure 1 ). Government and social spending increased gradually prior to 2003 . During 1990 -2003 , individuals' share increased continuously. In the peak year, individual out-of-pocket spending accounted for 60% of total health care spending. In 1990, individual health care spending was 1.4 times the amount spent by government, with the ratio increasing to 3.8 in 2003. After 2003, the growth of government spending and social spending started to exceed the growth of individual spending. The share of individual out-of-pocket spending fell to 34% in 2012. During the same period, government's share rose from 16% to 30%.
The changing pattern has been widely discussed in literature (e.g., Hu et al. 2008, Yip and Hsiao 2008) . The evolving role of government in health care financing reflects the direction of health care reform of the PRC. Since the middle of the 1980s, the main reform in the health care sector has been to reduce the state subsidy to public hospitals and encourage hospitals to raise their own funds to cover costs. In the 1990s, hospitals were allowed to generate profit from selling medicines and providing high-tech examinations. The direction of reform was reversed after 2003. Government inputs to health care increased significantly, and new social insurance programs were introduced in 2003 and 2007. A nationwide systemic reform was launched in 2009, supported by substantial public funding. The reform reinstated the government's role in the financing of health care and the provision of public goods.
Social health care expenditure mainly refers to spending paid from social insurance programs. Since the end of the 1990s, public health care has been reformed to favor health insurance programs, and the number of participants therefore expanded dramatically (Figure 2 ). There is now a variety of health insurance for different population groups. The government introduced the basic medical insurance scheme (BMI) for urban employees in 1998 and the new cooperative medical system (NCMS) for farmers in 2003. In 2007, another health insurance program known as the Urban Resident Basic Medical Insurance scheme (URBMI), which covers urban residents not included in the BMI, was introduced. This new scheme covers children, the elderly, the disabled, and other non-working urban residents. As in the NCMS, there is a government subsidy for the premium payment in the URBMI. By 2012, out of the total population of 1.35 billion, 805 million people were covered by the NCMS, 271 million by the BMI, and 265 million by the URBMI. It is worth mentioning that benefit packages differ substantially among the three programs. The BMI is more generous than the other two programs. For example, while the average inpatient reimbursement rate was only 41% in 2009 under the NCMS, the rate was 65% for urban employees in 2008 and 45% for urban residents in 2007 (Shen and Lee 2014) .
An important characteristic of the PRC is the large urban and rural disparity-per capita health spending of rural residents has been much lower than that of urban residents. Data in Figure 3 show that the gap has continued to widen. In 2010, per capita health care expenditure of urban residents was 3.79 times as much as that of rural residents. 4 However, there is no evidence that the health status of rural residents is better. On the contrary, the 2008 China National Maternal and Child Surveillance reports that the 2007 rates for maternal, infant, and under-5 mortality in rural areas were twice as high as those in urban areas (0.04%, 1.9%, and 2.2% vs. 0.02%, 0.8%, and 0.9%, respectively). 5 The disparity is a consequence of insufficient health care supply, poor health care insurance, and low household income in rural areas. According to Shen and Lee (2014) , urban residents benefit more from public health care funding than rural residents at all ages, especially after age 60. According to the China Health Statistics Yearbook (2013), the number of professional health staff for every 1,000 persons is 3 times lower in rural areas than in urban areas during the 2000s.
IV. Data and Summary Statistics

A. Data
We use eight waves of the CHNS survey during 1991-2011. These were conducted in 1991, 1993, 1997, 2000, 2004, 2006, 2009, and 2011 . Adopting the multi-stage stratified cluster sampling method, the survey obtains random samples from nine provinces: Guangxi, Guizhou, Heilongjiang, Henan, Hubei, Hunan, Jiangsu, Liaoning, and Shandong. 6 The survey contains comprehensive information on households and individuals, including demographic and socioeconomic information of family members, health status, utilization of health facilities, health care expenditure, and insurance participation of each family member. To reduce noise due to outliers, we drop the 0.5% lowest and highest expenditures for each year. This leaves a total of 94,271 observations for the eight waves.
The observations are evenly distributed among the waves. Urban and rural observations on average account for 32.4% and 67.6%, respectively. 7 We divide the observations into eight age groups (i.e., according to the age in the survey year): 0-9 years, 10-19 years, 20-29 years, 30-39 years, 40-49 years, 50-59 years, 60-69 years, and 70 and over. In the PRC, the share of population age 60 and over also measures population aging, as the retirement age is 60 for men and 55 or 50 for women. The share of observations for age 60 and over increased from 11% in 1991 to 26% in 2011, while that for age 70 and over increased from 4% to 10% during the same period.
Each interviewee reported whether he or she had been ill in the past 4 weeks. If he was ill, the survey asked whether he went to a hospital, how much he spent, and how much was covered by health insurance. Expenditure here includes fees for outpatient care, cost of inpatient care in various levels of health care facilities, and consumption of drugs. We sum up all spending items paid out-of-pocket and by insurance of each interviewee who had been sick during the last 4 weeks and adjust the spending to 2011 prices using the price index provided by the CHNS dataset.
8 Table 1 summarizes the relevant variables for the full sample by waves of the survey. 
B. Health Expenditure across Age Groups and Cohorts
We first present results from a cross-section analysis where we average the probability of expenditure and the level of health expenditure by age group. Health spending of those who were not ill during the past 4 weeks is counted as zero when averaging the expenditure for each age group. These profiles do not distinguish age, cohort, or period effects and therefore may introduce bias into health spending estimates over age groups. Figure 4 shows that the incidence of health spending during the 4 weeks is lowest in the 10-19 and 20-29 age groups. The incidence increases with age, reaching 23% in the group age 70 and over. Average health spending during the 4 weeks is lowest for the 10-19 age group (Figure 5a ). The expected spending of those age 60 and over is 4.2 times as much as the rest, while for the elderly age 70 and over, it is 4.3 times as much. Incidence and level of health expenditure across age groups is similar for urban and rural residents (i.e., the older, the wider the gap), although spending of urban residents is significantly higher than that of rural residents.
It is helpful to present health expenditure profiles for different cohorts. Cohorts vary in initial conditions-e.g., those who experienced war or famine or encountered various influences during the life cycle-which have a long-lasting impact on health (Ryder 1965) . Cohorts here are divided by observation's birth year. The first cohort consists of people born after 1990, the second cohort comprises those with birth years from 1980 to 1989, the third cohort covers those with birth years from 1970 to 1979, etc. The eighth cohort covers people with birth years before 1930. Average health expenditures across age groups and cohorts are reported in Figure 5b . Results show that even in the same age group, cohorts with a later birth year tend to have greater health spending.
As there are fundamental changes in the health care system after 2003, we split the samples into two periods: 1991-2000 and 2004-2011 . Each period contains information including the role of government, extension of health insurance coverage, improvement of health care technology, and level of income. All these factors have some impact on health expenditure. As a result, spending increased significantly in the later period, especially the expenditures of the elderly (Figure 6a and 6b).
C. Gender and Health Expenditure
We present health expenditure profiles by gender in Figures 7a and 7b . In urban areas, it is shown that women spend a little more than men from age 20 to 69. Specifically, women age 30 to 39 spend on average 10.6% more on health care than men of the same age group. This is consistent with reports in the literature that women outspend men, especially during their prime childbearing years. In rural areas, men spend a little more than women in health care in most age groups. The special pattern is consistent with the observation that resource allocation within a household is male-biased in rural areas of the PRC. The significance of the difference will be tested in our regressions. 
D. Health Insurance and Health Expenditure
In our sample, the number covered by public health insurance programs has been increasing over time. Those programs include the BMI, the NCMS, the URBMI, and free medical care for government officials. In 1991, the coverage rate of the cooperative medical care system for rural samples was only 17%, but this rose to 95% in 2011. The coverage rate of health insurance for urban samples increased from 51% in 1991 to 85% in 2011. In the 2011 samples, 50% were covered by NCMS, 17% were covered by URBMI, 22% were covered by BMI, and 3% were still enjoying free medical care.
We compare the spending of those who have health insurance with those who do not have health insurance. Figures 8a and 8b show that, in both urban and rural areas, health insurance increases the expenditure in each age group. 
E. Health Status across Age Groups
The survey provides comprehensive information for evaluating the health status of individuals. Self-reported health (SRH) refers to an individual's subjective evaluation of his or her own health. SRH is set according to the interviewee's reply to the question "How would you describe your health?" SRH is set to 1 when the answer is "very good" or "good," while it is 0 with an "ok" or "bad" reply. The quality of well-being scale (QWB) is also constructed to more objectively evaluate an individual's health. QWB is an index developed by Kaplan and Anderson (1988) .
It not only includes various objective indicators for one's health status, but subjective evaluation of one's own health as well. Related questions in the CHNS questionnaire are investigated. Based on those questions, we constructed QWB following the method in Zhao (2008) . 9 QWB is between 0 and 1. Smaller QWB indicates worse health status.
The sample is divided into two groups, those in urban and rural areas. Figures 9a and 9b present the average of SRH and QWB indicators for each age group, respectively. The figures show that in both rural and urban areas, health status deteriorates with age. QWB indicates that the health status of people age 60 and older in rural areas is worse than that of their counterparts in urban areas (Figure 9a ).
V. Methodology
The relationship between age and health expenditure in summary statistics includes many forces other than the age structure of the population. To identify the age effects and test the differences of these effects between urban and rural areas, and 9 QWB is constructed following three steps. First, daily activity is divided into three groups: mobility, physical activity, and social activity. Different illnesses and disabilities can then be catalogued into these three groups. Three sub-indexes can therefore be constructed, reflecting objective health status. Second, a subject index is constructed according to an individual's own description of his or her health status. Finally, preference weights are used to integrate all the four sub-indexes into one index. across various periods, we simultaneously control for demographic characteristics, time effects, and county fixed effects. The main problem of health spending data at the individual level is that there are a large number of zero-expenditure observations. Such may occur for two main reasons. First, the survey records health spending in the "last 4 weeks," and a large percent of individuals may not have made such expenditures during this period. Second, even though an individual may have been ill, he may not be able to afford health care. Neglecting these observations, the estimation will be biased. We therefore use a two-part model (2PM) proposed by Duan et al. (1983) to account for these zero-expenditure observations. 10 Two-part models have been widely used in modeling health care expenditure determination in recent studies (e.g., Madden 2008, Bjorner and Arnberg 2012) .
In a two-part model, individual behavior is a two-stage process. First, individuals decide whether or not they wish to spend money on health care. Second, the amount of health expenditure is determined. The model regards these two decisions as independent processes and combines them to calculate the marginal effect of variables on health care spending. 11 10 Heckman's two-step procedure (1979) constructs the inverse Mills ratio to control for the unobserved selection factors. This correction for sample selection, however, is based on the assumption that the error term in the participating equation and the expenditure equation are subject to bivariate normal distribution. A large bias will be incurred if there is a departure from a bivariate normal distribution (Duncan 1983) . Therefore, we use a two-part model to estimate medical spending, which relinquishes the strict assumption while controlling for selection.
11 Although the two-part model assumes that the decision processes are independent, the estimation is still unbiased even if the process is a sample selection (Duan et al. 1983 ).
For the first part, we use a probit model to estimate, using the full sample, whether or not an individual has health expenditures. The equation is written as:
where X i is a vector of explanatory variables for the ith individual (including age, gender, years of schooling, income, insurance status, year dummies, and county dummies), and ε i is the error term. If I ≥ 0, then health spending is larger than zero; otherwise, if I < 0, then spending is equal to zero. The second part is a linear regression of the same vector of explanatory variables on health expenditure (y) using the subsample, with y > 0:
These two parts can be estimated separately. Expected health spending, which we are interested in, is the combination of these two parts. For the ith individual in the full sample, the expected health expenditure is:
where the transfer factor is φ = exp(σ 2 u /2), E(·) denotes expected values, and is the cumulative standardized normal distribution.
Furthermore, we can estimate the joint marginal effect of each variable on the probability and magnitude of spending. This is jointly determined by the two-part regression results.
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Adopting the two-part model, we first estimate the overall effect of age group and residence using observations from both urban and rural areas. We also estimate age effects of urban and rural residents separately. We then investigate the different age effects across periods.
VI. Estimation Results
Estimated coefficients from the first part of the two-part model are interpreted as the relative magnitude of the effects of explanatory variables on the probability of having positive health expenditure, while estimated coefficients from the second part are the marginal effects of these variables on log spending, for those who do have expenditures. It should be noted that the coefficients cannot tell the overall effect of a variable directly. The overall effect depends on the results of both parts jointly, which need further calculations. We will present the regression results and the estimation of overall marginal effects but will focus on the latter.
A. Age Effects in Urban and Rural Areas
The relationship between age and health expenditure in urban and rural areas is presented in Table 2 . Columns 1 and 2 summarize the results based on the sample that includes both rural and urban observations. The coefficient of the rural dummy is significantly negative in both parts of the two-part model. In rural areas, the likelihood of spending is 8.22 percentage points lower than in urban areas, while the amount of spending is 44.6% lower among those who do spend.
We run regressions for urban and rural observations separately (Columns 3-4 and 5-6, respectively) to investigate whether urban and rural residents have different age-expenditure profiles. It is shown that after controlling for gender, years of schooling, per capita household income, health insurance, and county dummies, the direction of the coefficients of the age group dummies in rural and urban areas turns out to be similar. However, there are some differences in the size of the coefficients. In the first part of the two-part model, the likelihood of spending generally increases with age, but the size of the increase appears smaller in urban areas than in rural areas. In the second part, health spending similarly increases with age but at a higher rate in urban areas. Year dummies are all significant in the first part and there is a turning point in 2004. The likelihood of incurring expenditure is negative in 2004 compared to 1991 but gradually becomes positive afterwards. Year dummy coefficients are all positive in the second part.
Overall effects are calculated and listed in Table 3 . On average, the 4-week expenditure of rural residents is CNY59 or significantly lower by 33% than that of urban residents during 1991-2011. In urban areas, spending is significant higher after age 30 compared to age 0-10. In rural areas, the increase in expenditure occurs beginning age 20.
The most important finding is the much steeper age-expenditure profile in urban areas compared to rural areas even after controlling for time effects and other personal characteristics (Figure 10 ). However, there is no evidence of better health status among rural residents. Figures 9a and 9b show that health-age profiles are very similar in urban and rural areas. In terms of self-reported health, the rural elderly are worse off than the urban elderly, and health status decreases with age at a more rapid rate. The findings imply that the health spending of the rural elderly may increase more during the process of rural-urban integration.
Although the effect of rising income and expanding health-insurance coverage has been controlled, year dummies capture the net effects of many drivers of health expenditure, such as technology progress and the comprehensive institutional impacts we described in Section II. Table 3 shows that the overall effects of the 19.227 * * * * * * = p < 0.01, * * = p < 0.05, * = p < 0.1. Note: Overall marginal effects are calculated from the estimates in Table 2 . For dummy variables, dy/dx is the change in health expenditure when there is a discrete change from the base level. For continuous variables, dy/dx is the change in health expenditure when x increases by 1 unit. Source: Authors' computations.
Figure 10. Estimated Age Profile of Health Expenditure in Urban and Rural Areas
Source: Authors' computations (data obtained from the overall effects in Table 3). year dummies for 1993, 1997, and 2000 are negative, and some of them are not significant. However, year dummies are significantly positive since year 2004. The results are largely driven by the rising government involvement in the health care sector, which increased the accessibility of health care.
Health insurance is very significant both in urban and rural areas, though the effect is larger in urban areas. The finding is consistent with the higher reimbursement ratio of BMI compared to that of NCMS.
The effect of gender is not significant but is negative. The expenditure of males is lower than that of females, a common finding in the literature (e.g., Strauss et al. 1993) . The magnitude of this gender effect is smaller in rural areas, consistent with the observation that household resource allocation is male-biased in rural areas. Household per capita income and years of schooling have no significant overall effect on health spending. The more highly educated are less likely to incur expenditures because of better health but spend more if needed, so that the combined overall effect is not significant.
B. Age Effects across Different Periods
We further investigate whether age effects change across time. As explained in Section II, there have been some fundamental changes in health care reform after 2003. We also observe from the results in Tables 2 and 3 Table 4 presents the results of the two-part model for the two periods, for both urban and rural residents, where we focus on age effects. Based on the results, we then obtain the overall effects of the different age groups in Table 5 . The results indicate that in urban areas, health expenditure is increasing with age after age 40 in both periods. The effects are larger during 2004-2011 for ages 50 and older.
It is worth noting that in rural areas, the marginal effect of the age group 70 and over is smaller than the age group 60-69 during 1991-2000. There is similar evidence in the literature that the rural elderly spend less than the primary-age household members (e.g., Yan and Chen 2010) . The age-expenditure profile in rural areas changed to a more typical pattern during 2004-2011, where expenditure tends to increase with age in adulthood. The magnitude of age effects is also much bigger during the period 2004-2011 than during 1991-2000.
The estimated age-expenditure profile becomes steeper over time in both urban and rural areas (Figure 11 ). Other factors being equal, comparing age-expenditure profiles in the two periods may reveal a cohort effect that is mixed with age effects. The cohort effect captures a number of influences, including the various impacts across age groups of a changing health care system, economic Table 4 . For each age group, dy/dx is the change in expenditure compared with the reference group (0-9 years) when the group dummy changes from 0 to 1. Source: Authors' computations.
Figure 11. Estimated Age Profile of Health Expenditure across Periods
Source: Authors' computations (data obtained from the overall effects in Table 5 ).
development, initial conditions of people born in different times, etc. The steeper profiles imply that the cohort effect is in the same direction as age effects in adulthood, which leads older groups to have greater increases in health spending than younger groups under the same circumstances.
VII. Population Aging and Growth of Aggregate Health Spending
The aggregate national health expenditure of the PRC has been growing as a share of GDP and in terms of per capita level. The figures were 4% and CNY65, respectively, in 1990 , and 4.6% and CNY362 in 2000 , increasing to 5% and CNY1,400 in 2010 . During 1990 , the real annual growth rate of health spending (including government spending, health insurance, and household expenditure) of the PRC was 13.3%. The growth rate is much higher than in OECD countries, where it stood around 5%. The higher growth rate of health spending in the PRC is related to a series of factors, including lower initial levels, rising per capita income, rising government spending, more comprehensive public health insurance programs, and rapid population aging. The difference implies that spending growth in the PRC during urbanization is a welcome development, as people receive much-needed health care.
We estimate the contribution of population aging and urbanization to the growth of spending in the PRC during this period based on the results of Section VI. We employ demographic data of the PRC from World Population Prospects of the United Nations. 13 We predict per capita health expenditure for each age group. Using per capita spending multiplied by the population of the age group, we sum the expenditures for each age group and obtain the total health expenditure for each year. Comparing the predicted health expenditure of a year with the amount spent in year 2010, we obtain the ratio from which we may calculate the annual growth rate of health expenditure. The growth rate we are estimating is purely due to the change of demographic structure and urbanization, and not due to other factors.
During 1990-2010, urbanization increased from about 26% to 45%. According to the estimation, annual growth of health expenditure caused by population aging during urbanization in this period was about 2.8%, accounting for about a fifth of the total 13.3% real annual growth.
Rapid population aging and urbanization will likely continue in the PRC. Using the method of estimation as in the previous paragraph (employing demographic projections by the United Nations shown in Table 6 and assuming an urbanization rate of 70% in 2030), we compute the annual growth in health expenditure caused by population aging during urbanization to be about 2.2%. However, we are cautious with such a projection, as there are many uncertainties in the future. As we have shown, the age-expenditure profile may change over time. This could be because different cohorts have different age profiles of health expenditure, or because people of different ages respond to the changing health care system differently. Insurance, for example, has exerted a significant influence on health care. However, the expansion of health insurance coverage will someday end, which will have different effects on people of various ages.
VIII. Conclusions
Estimating health expenditure over the life cycle is primary work needed to understand the influence of population aging on the growth of health spending in the PRC. We use eight waves of CHNS data during 1991-2011 to investigate the age-expenditure relationship for rural and urban residents in different periods. The estimations show that health care reform and urbanization increase the demand for health care generally, but expenditure by the elderly increases more than other age groups.
Specifically, while health care spending of rural residents is lower than that of urban residents in all age groups, the age-expenditure profile is much steeper in urban areas than in rural areas. Therefore, health expenditure of the elderly increases more during the process of rural-urban integration. There is also a significant difference in age-expenditure profiles across time in both urban and rural areas, with steeper profiles verified in the later period. The result suggests that there is a cohort effect mixed with age effects, which is in the same direction as age effects in adulthood. The cohort effect causes the elderly to increase health expenditure by more than the younger group even if they experience common social or economic changes.
Population aging during urbanization has contributed to the growth of aggregate health expenditure in the PRC by about 2.8%, accounting for about a fifth of total annual growth between 1990 and 2010. In the future, population aging and urbanization will continue to drive health spending.
Nevertheless, the growth of health expenditure has a different meaning for the PRC than for OECD countries. Our results suggest that there is an unmet health care demand among rural residents, particularly among the elderly. It has been reported by the National Health Services Survey that a non-negligible proportion of rural people refuse outpatient services and inpatient care when sick, even when they are referred to hospitals, as they cannot afford the services. Owing to the current low ratio of health care spending to GDP, the PRC has the potential to greatly improve health insurance and increase government investment in health care.
It is important to mention that our estimation of age-expenditure profiles is based on health spending from the demand side, without considering government spending directly. Referring to the findings of Shen and Lee (2014) , who find a similar age profile of per capita public health care spending as in our estimations, the results we obtained can also apply to the scenario where government spending is included.
